A Single-Molecule Characterization of P53 Search on DNA  by van Oijen, Antoine M.
Saturday, February 25, 2012 1aSubgroup: Molecular Biophysics
1-Subg
Computational Modeling of Glycolipid-Glycoprotein Complexes: Methods
and Applications
Mari DeMarco.
Washington University, St Louis, MO, USA.
The human innate immune response to a Gram-negative bacterial infection in-
volves detection of lipopolysaccharides (LPS), also known as endotoxins,
which comprise the bacterial outer cell wall. Distinct from mammalian glyco-
lipid structures, LPS have a conserved chemical pattern that is recognized by
the pattern recognition receptor complex formed by myeloid differentiation
protein 2 (MD-2) and toll-like receptor 4 (TLR4). While there is a clear corre-
lation between endotoxin acylation and elicited agonist or antagonist responses,
the 3D structural basis of this relationship remains unclear and difficult to char-
acterize experimentally. In order to explore, at atomic-resolution, the effects of
a range of chemically distinct endotoxins on the structure and dynamics of their
MD-2$endotoxin complexes, a series of variably acylated lipid A molecules
from E. coli and N. meningitidis in complex with humanMD-2 were examined.
This included the development and validation of appropriate molecular dynam-
ics force fields to study complex (lipid, carbohydrate and protein) systems.
Through these computational developments, in concert with experimental
data, specific structural and dynamic features that control dimerization of
TLR4 molecules were identified. As dimerization is central to the release of
downstream chemical mediators, the results provide a structural foundation
for the ability of endotoxins to act as either agonists or antagonists of the
TLR4 pathway. Additionally, methods for biologically-relevant characteriza-
tion of dynamic glycolipid-glycoprotein systems will be discussed.
2-Subg
Protein-Ligand Binding by Free Energy Simulations: Issues, Successes
and Failures
Jonathan W. Essex.
University of Southampton, Southampton, United Kingdom.
The use of rigorous free energy calculations, well grounded in statistical me-
chanics, to predict protein-ligand binding affinities, is becoming increasingly
common. The major challenge in their accurate use is often no longer the free
energy methodology itself, but rather the problems of accurately representing
the inter and intra-molecular energies, and ensuring sufficient sampling of the
relevant configuration space. In this presentation, results related to tackling these
problems will be presented for the specific case of the enzyme Dihydroorotate
Dehydrogenase. This is a challenging target since small changes in ligand struc-
ture are observed to result in multiple binding modes, according to X-ray crys-
tallography, and marked variations in hydration pattern in the protein-ligand
complex. The implications of these results on the naive application of free en-
ergy calculations to protein-ligand systems with less experimental data will be
discussed.
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A Multiplex Suspension Array for Screening of Carbohydrate Binding
Proteins and Influenza
Loretta Yang1, Erika Duggan2, S. Mark Tompkins3, Robert J. Woods4,5,
John P. Nolan2.
1Glycosensors and Diagnostics, Athens, GA, USA, 2La Jolla Bioengineering
Institute, San Diego, CA, USA, 3Department of Infectious Diseases, UGA
College of Veterinary Medicine, Athens, GA, USA, 4Complex Carbohydrate
Research Center, University of Georgia, Athens, GA, USA, 5School of
Chemistry, National University of Ireland, Galway, Galway, Ireland.
Carbohydrate-protein interactions are involved in many crucial biological pro-
cesses, from protein stability, to immune response, to pathogen infection. A
fast and reliable method to determine carbohydrate binding affinity and spec-
ificity was developed as an alternative to ELISA and glycan microarray
screening.
Optically distinct neutravidin-coated microspheres were functionalized with bi-
otinylated carbohydrates, to create a glycan array in suspension format. A range
of fluorescently labeled carbohydrate binding agents including lectins, toxins,
and viruses were incubated with the glycan suspension array. In addition to
characterizing carbohydrate binding preference, simultaneous strain typing of
influenza virus was performed using additional multiplex microspheres conju-
gated to antibodies specific for influenza A subtypes. Inactivated virus was
incubated with the microspheres, detected using fluorescence-labeled anti-
influenza virus antibodies, and measured by flow cytometry.
Biotinylated carbohydrates were successfully captured by neutravidin conju-
gated microspheres as observed by specific binding of fluorescently labeled lec-
tins SNA-I and MAA and Cholera toxin B (CTB) subunit. Antibodies were alsoconjugated to microspheres allowing for multiplex analysis of influenza virus
sub-type and receptor specificity of human influenza A subtype H1N1 and
avian influenza A subtype H5N1. Each subtype of influenza virus bound
only to those microspheres displaying carbohydrates with its specific receptor
and anti-influenza A antibody. These results have been confirmed previously by
other methods, including hemagglutination and glycan microarray.
This approach provides improved control over carbohydrate surface density, in-
creased throughput for the analysis of many samples and conditions, reduced
sample volumes, and better quantification.
4-Subg
Determination of Protein-Ligand Affinities by Direct ESI-MS Measure-
ments
Amr El-Hawiet, Lan Liu, Elena N. Kitova, Glen Shoemaker,
John S. Klassen.
University of Alberta, Edmonton, AB, Canada.
The direct electrospray ionization mass spectrometry (ESI-MS) assay has
emerged as a powerful tool for quantifying protein-ligand interactions in solu-
tion. The assay is based on the direct detection and quantification of free and
ligand-bound protein ions by ESI-MS for solutions of known initial concentra-
tions of protein and ligand. A brief overview of the ESI-MS assay will be pre-
sented, along with recent methodological advances that overcome the major
sources of error in the binding measurements. Several examples illustrating
the application of the assay for quantifying Ka values for protein interactions
with carbohydrate and fatty acid ligands will be given. A high-throughput
ESI-MS approach to library screening will also be presented. The ‘‘catch and re-
lease’’ ESI-MS assay involves incubating a protein with a library of compounds
in solution, detecting the protein-ligand complexes by ESI-MS, activating the
complexes to release the ligand, followed by fragmentation of the ligand.
The identification of the ligand is based on the measured molecular weight
and the fragmentation spectrum of the ligand. Collision cross section measure-
ments also aid in ligand identification. The ‘‘catch and release’’ ESI-MS assay
allows for the sensitive, rapid (<1 min analysis time) and direct detection of spe-
cific protein interactions within libraries containing upwards of several hundred
compounds. An overview of the assay will be presented followed by examples
highlighting the application of the assay for the discovery of carbohydrate
ligands of bacterial proteins.
5-Subg
Structure Activity Relationships of Nuclear Receptor, GPCR and Kinase
Modulators Revealed with Differential HDX
Patrick Griffin, Graham West, Michael Chalmers, Rachelle Landgraf,
Jun Zhang.
The Scripps Research Institute, Jupiter, FL, USA.
Hydrogen/deuterium exchange coupled with mass spectrometry (HDX-MS)
has emerged as a powerful technology for analysis of protein conformational
dynamics and ligand interactions. The regulation of transcriptional output by
nuclear receptors (NRs) is driven by alterations in the conformational ensemble
of the receptor upon ligand binding and previously we have shown that HDX
can be used to determine a novel mechanism of ligand activation of PPARg,
detailed analysis of binding modes of ligands within the ligand binding pocket
of two ER isoforms, and how ERa ligands can be classified and correlated to
their pharmacology based on receptor HDX signatures. More recently, we
have applied HDX to probe the conformational dynamics of intact full length
nuclear receptor complexes upon interaction with DNA and coactivator pro-
teins. These studies have demonstrated that DNA binding alters conformational
dynamics of the nuclear receptor heterodimer in regions remote of the DBD.
These alterations in conformational selection appear to be important for coac-
tivator binding to the heterodimer suggesting that DNA acts as an allosteric li-
gand. In addition to work on NRs, the lab recently demonstrated the use of
HDX for probing ligand interaction with G protein coupled receptor (GPCRs)
and kinases. We have extended these studies to probe differential receptor per-
turbation upon interacting with functionally selective ligands, and with kinases
probed both ligand and co-regulatory protein interactions. Results from these
studies will be presented.
Subgroup: Intrinsically Disordered Proteins
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A Single-Molecule Characterization of P53 Search on DNA
Antoine M. van Oijen, PhD.
Biological Chemistry and Molecular Pharmacology, Groningen University,
Groningen, Netherlands.
The tumor suppressor p53 slides along DNA while searching for its cognate
site. Central to this process is the basic C-terminal domain, whose regulatory
2a Saturday, February 25, 2012role and its coordination with the core DNA-binding domain is highly debated.
Here I present how we use single-molecule techniques to characterize the
search process and disentangle the roles played by these two DNA-binding do-
mains in the search process. We demonstrate that the C-terminal domain is ca-
pable of rapid translocation, while the core domain is unable to slide and
instead hops along DNA. These findings are integrated into a model, in
which the C-terminal domain mediates fast sliding of p53, while the core do-
main samples DNA by frequent dissociation and re-association, allowing for
rapid scanning of long DNA regions. The model further proposes how mod-
ifications of the C-terminal domain can activate ‘‘latent’’ p53 and reconciles
seemingly contradictory data on the action of different domains and their co-
ordination.
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Solution NMR as an Investigational Tool for Disordered and Partly Folded
Proteins
H. Jane Dyson1, Sung Jean Park1,2, Jing Zhu1, Maria A. Martinez-Yamout1.
1Scripps Research Institute, La Jolla, CA, USA, 2Gachon University of
Medicine and Science, Incheon, Korea, Republic of.
The chaperone Hsp90 interacts with a relatively large set of proteins, termed
client proteins, but their state, whether folded, partly folded or alternatively
folded is not clear. NMR experiments on client proteins in the presence and
absence of Hsp90 provide unprecedented insights into the conformational
states of client proteins. As well, the NMR spectra of the chaperone itself
in the presence of the client protein and of co-chaperones give information
on interaction sites. NMR experiments on such large proteins and protein
complexes are difficult both of execution and interpretation, but allow the
formulation of hypotheses that can be tested by other spectroscopic means.
We find that several client proteins form molten globule-like states when
in the presence of Hsp90. The interactions between one client protein, the
p53 DNA-binding domain, and fragments of Hsp90 of various sizes, com-
prising 1 and 2 domains of the protein, up to the full-length dimeric protein
showed loss of signal intensity of the p53 resonances in the complex, from
which we infer the prtesence of a state with secondary structure indistin-
guishable from that of the free protein, but containing a manifold of states
that are in intermediate exchange on the NMR time scale. Further evidence
for the loose and flexible nature of the bound p53 client is provided by the
fluorescence behavior of the dye 1-anilinonaphthalene-8-sulfonic acid (ANS)
and by comparison of H/D exchange rates of the amide protons of the p53
DNA binding domain. Hsp90 itself appears to make highly dynamic interac-
tions with the client protein, which are modified in the presence of co-
chaperones such as p23. We conclude that the interaction between Hsp90
and p53 is complex, and involves a structural change in the client protein
to a loosened state.
8-Subg
Role of Disorder in T-Cell Signaling
Kai Wucherpfennig.
Dana Farber Cancer Institute, n/a, MA, USA.
The T cell receptor plays a central role in the initiation of adaptive immune re-
sponses by recognizing microbial peptides bound to MHCmolecules. Signaling
through the receptor occurs through three associated signaling dimers (the CD3
dimers). We have shown that the cytoplasmic domain of the CD3 epsilon chain
is membrane bound in live cells. Furthermore, we determined the NMR struc-
ture of the CD3 epsilon cytoplasmic domain in its lipid-bound state. The struc-
ture showed that the two critical tyrosines are inserted into the hydrophobic part
of the lipid bilayer. We therefore propose that membrane binding prevents pre-
mature receptor activation.
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Sorting with Disorder at Nuclear Pores
Michael Rexach1, Michael Colvin2, Ajay Gopinathan2, Krish Krishnan3,
Ed Lau4, Sean Newsam2, Joshua Phillips2, Vladimir Uversky5,
Justin Yamada1.
1University of California, Santa Cruz, CA, USA, 2University of California,
Merced, CA, USA, 3University of California, Davis, CA, USA, 4Lawrence
Livermore National Lab, Livermore, CA, USA, 5Indiana University School
of Medicine, Indianapolis, IN, USA.
Macromolecular traffic between the nucleus and cytoplasm of cells is
mediated by karyopherins and is gated at nuclear pores (NPCs) by
intrinsically-disordered proteins featuring phenylalanine-glycine repeats: the
FG nucleoporins. Despite their dynamic nature, these FG nups adopt distinct
categories of disordered structure with unique functions. Some are collapsed-coil globules that stick to each via FG repeats, and others are highly-extended
coils that repel each other. Remarkably, these structures are segregated within
FG nups and at NPCs to create a quaternary gating structure that appears sus-
pended in the middle of the nuclear pore termed the transporter or plug. We
describe how this ‘ghostly’ structure, whose existence has been debated for de-
cades, is naturally-formed by more than one hundred intrinsically-disordered
proteins acting collectively. We will also discuss how the distinct categories
of disordered nup structures serve different functions in karyopherin-mediated
transport.
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Role of Disorder in Clathrin Lattice Assembly
Eileen M. Lafer, Yue Zhuo, Udayer Ilangovan, Virgil Schirf,
Borries Demeler, Rui Sousa, Andrew P. Hinck.
University of Texas Health Science Center at San Antonio, San Antonio,
TX, USA.
Assembly of clathrin lattices is mediated by assembly/adaptor proteins
which contain domains that bind lipids or membrane bound cargo proteins,
and clathrin binding domains (CBDs) that recruit clathrin. Here we charac-
terize the interaction between clathrin and a large fragment of the CBD of
the clathrin assembly protein AP180. Mutational, NMR chemical shift, and
analytical ultracentrifugation analyses allowed us to precisely define two
clathrin binding sites within this fragment, each of which is found to bind
weakly to the N-terminal domain of the clathrin heavy chain (TD). The lo-
cations of the two clathrin binding sites are consistent with predictions from
sequence alignments of previously identified clathrin binding elements and,
by extension, indicate that the complete AP180 CBD contains ~12 degener-
ate repeats, each containing a single clathrin binding site. Sequence and cir-
cular dichroism analyses have indicated that the AP180 CBD is
predominantly unstructured and our NMR analyses confirm that this is
largely the case for the AP180 fragment characterized here. Unexpectedly,
unlike the many proteins which undergo binding coupled folding upon inter-
action with their binding partners, the AP180 fragment is similarly unstruc-
tured in its bound and free states. Instead, we find that this fragment exhibits
localized beta turn-like structures at the two clathrin binding sites both when
free and bound to clathrin. These observations are incorporated into a model
in which weak binding by multiple, pre-structured clathrin binding elements
regularly dispersed throughout a largely unstructured CBD allows efficient




Mitochondria and Sporadic Neurodegenerative Disease
Russell H. Swerdlow.
University of Kansas, Kansas City, KS, USA.
Late-onset neurodegenerative diseases can affect cognitive, movement, motor,
or coordination functions. Particular neurodegenerative disease phenotypes
can be etiologically heterogeneous, such that a particular ‘‘disease’’ may
have different origins. Despite this, it is assumed that from a mechanistic per-
spective phenotypically similar diseases may at least share final common
pathways. One pathologic feature observed in a number of neurodegenerative
disorders is mitochondrial dysfunction. In Mendelian versions of particular
neurodegenerative diseases, the presence of an abnormal gene product may
interfere with mitochondrial function and through this induce neurodegenera-
tion. In sporadic versions of these diseases, in addition to mediating dysfunc-
tion, evidence further suggests mitochondria may play an upstream role and
potentially even initiate dysfunction. Because mitochondria are also impli-
cated in aging, mitochondrial etiologies may prove particularly relevant to
diseases whose incidence and prevalence progressively increase with advanc-
ing age. This conceptual approach has been used to classify a series of
‘‘neurodegenerative mitochondriopathies’’, define a sporadic Alzheimer’s
disease mitochondrial cascade hypothesis, and guide therapeutic development
strategies.
12-Subg
Modulating the Mitochondrial F0F1-ATPase as Therapeutic Strategy for
Systematic Autoimmunity
Gary D. Glick.
University of Michigan, Ann Arbor, MI, USA.
This lecture will discuss how modulation of the mitochondrial ATPase can pro-
vide a selective, non-immunosuppressive mechanism for the treatment of
